Question: What are the relative roles of environmental and spatial factors in influencing variation in species composition of tropical woody plants at different spatial scales?
| INTRODUCTION
One of the central goals in ecology is to understand the processes that influence spatial variation in species diversity and composition (Hubbell, 2001; Vellend, 2010) . There have been two schools of thought with regard to the processes that are instrumental in structuring assembly of species within communities. The niche assembly view, which is based on deterministic processes such as abiotic and biotic interactions, posits that species adapt to a set of environmental conditions or are selected as a result of environmental filtering and through biotic interactions such as competition (Chave, 2008; Tilman, 1982) .
This view suggests that variation in species composition is mostly driven by variation in environmental conditions. The neutral view, on the other hand, assumes that species are ecologically equivalent and composition varies primarily as a result of random ecological drift and dispersal limitation (Hubbell, 2001; Hurtt & Pacala, 1995; MacArthur & Wilson, 1963) . It predicts a consistent decrease in species compositional similarity with geographic distance (Condit et al., 2002) .
Although these two theories make contrary predictions, they are not mutually exclusive as there is sufficient evidence to suggest that species assemblages in ecological communities are governed by a combination of both niche-based and dispersal-based processes (Gilbert & Lechowicz, 2004; Gravel, Canham, Beaudet, & Messier, 2006; Qian & Ricklefs, 2007) . The focus of recent studies has, therefore, shifted towards understanding the context dependence and relative importance of niche-and dispersal-based processes in structuring ecological communities.
Studying the origin of β-diversity can provide useful insights into processes that govern species assembly within communities (Condit et al., 2002; Hubbell, 2001) . β-diversity in its simplest form is defined as variation in species composition (species identity or species abundance) across sites (Whittaker, 1960) . Quantifying how much of that variation in species composition is explained by environmental and spatial variables can then shed light on the relative importance of underlying processes (Condit et al., 2002; Kraft et al., 2011; Qian & Ricklefs, 2007) . If communities are primarily structured by nichebased processes, then variation in environmental or habitat variables should explain most of the variation in species composition across sites. In other words, sites with similar environmental conditions will exhibit similar species composition, irrespective of the geographic distance between them. However, if dispersal limitation is the dominant underlying process, then species composition can be expected to be spatially autocorrelated and geographic distance or spatial variables should explain most of the variation in species composition.
Previous studies at regional and continental scales have focused mostly on assessing the relative roles of assembly mechanisms in temperate and tropical biomes to explain differences in species turnover and richness (De Cáceres et al., 2012; Myers et al., 2013; Qian & Ricklefs, 2007) . Their results suggest that community assembly processes differ in their relative importance across biogeographic regions. However, few studies have looked at the variation in the relative contribution of spatial and environmental variables along a richness gradient within the same biogeographic domain, as well as at different spatial scales within this domain (Gilbert & Lechowicz, 2004; Qian & Ricklefs, 2007; Tuomisto, Ruokolainen, & Yli-halla, 2003) . In this study, we investigate the relative role of spatial and environmental variables in generating variation in species composition of woody plants at the scale of the Western Ghats (WG) biogeographic region. The WG, despite its relatively small latitudinal gradient (8-20°N), mimics the gradients in climatic seasonality and species richness that are generally observed across tropical and temperate latitudes. In addition, topographic heterogeneity also increases from north to south in the WG. The tropical evergreen forests of the WG are a biogeographically distinct vegetation type and hence an ideal system to test the relative contribution of niche and dispersal based processes along the seasonality, topographic and richness gradients, without the confounding effects of different evolutionary histories. Given this background, the broad goal of this study was to examine the drivers of change in species composition across the latitudinal and climatic gradient of the WG.
Variation partitioning on raw data (Borcard, Legendre, & Drapeau, 1992; Legendre, Borcard, & Peres-Neto, 2005 ) (species by site community composition data) and variation partitioning using distance matrices represent two contrasting approaches to the analysis of variation in β-diversity. The raw data approach partitions the variation in community composition across sites (i.e. β-diversity) while the distance-based approach partitions the variation in pairwise similarity across different pairs of sites (Legendre et al., 2005) .
Acknowledging that these methods partition different kinds of variation, we employ both approaches to address different questions, with the overarching goal of investigating the role of environmental and spatial processes in structuring tree communities and species turnover in the tropical evergreen forests of the Western Ghats, India.
The specific questions addressed in this study were: (i) what is the relative contribution of spatial vs environmental processes in explaining -(a) variation in pair-wise similarity/dissimilarity across different pairs of sites in the WG, and (b) variation in species composition of woody plants across different sites; and (ii) does the relative importance of spatial and environmental processes change -(a) from local to regional scales, and (b) with latitude across sub-regions that differ starkly in species richness?
| METHODS

| Study area
We carried out plot-based sampling across the entire latitudinal extent of the WG (see Figure S1 in Appendix S1), ranging from 40 to 1600 m a.s.l., from 2010 to 2013. Plots were laid in undisturbed primary evergreen forests within which the distribution of plots was arbitrary. We avoided seemingly disturbed areas, stream/riverine and swampy habitats, as well as very steep slopes. The dimensions of the vegetation plots were 25 m × 25 m (0.06 ha) within which all individuals above 10 cm GBH (girth at breast height) were recorded. Our final data set consists of 156 plots with 20,400 individuals belonging to ca. 450 species of woody plant. Of the total individuals sampled, 0.2% could not be identified and were not included in the analysis. For ten genera, multiple species within each were pooled and recorded as a single species due to ambiguity in species-level identification based on vegetative characters.
| Soil analysis
For 129 of the 156 plots, we collected soil samples by sampling a 10-cm deep core from the plot. The soil sample was sun-dried in the field and further processing was carried out in the laboratory where the sample was homogenized using a mortar and pestle and sieved through a 2-mm sieve to filter out organic and inorganic debris. The filtered soil sample was oven-dried at 90°C for 24 hr. We then estimated total N and C from all the processed soil samples using a LECO CN2000 elemental analyzer.
| Environmental variables
Apart from soil, the two other environmental descriptors used in this study were climatic and topographic variables. The climatic variables consisted of two water-energy variables (actual evapotranspiration and potential evapotranspiration) and 19 bioclimatic variables extracted from the Worldclim database (Hijmans, Cameron, Parra, Jones, & Jarvis, 2005) . The topographic variables consisted of elevation, aspect and slope, which were extracted from a 30-m resolution digital elevation model using ArcMap v 9.3.1.
| Statistical analysis
We examined spatial patterns of variation in species composition using the distance decay plots, where inter-plot compositional similarity was plotted against inter-plot geographic distance. The species compositional similarity for all pair-wise combinations was calculated using the Bray-Curtis index. The units for calculating this index are counts of stems per species per plot, and the index incorporates differences in both species identity and abundance. The geographic distance matrix was calculated as the linear distance between pairs of plots (km).
We used multiple regression on distance matrices (MRM; Legendre, Lapointe, & Casgrain, 1994; Duivenvoorden, Svenning, & Wright, 2007) to discern the combined and the unique roles of space and environment in determining the variation in similarity/ dissimilarity between pairs of sites (Objective (i, a). This method attributes the variation in pair-wise differences in species composition (i.e. variation in β-diversity) to that uniquely and jointly explained by variation in pair-wise differences in geographic distance and the environmental variables. MRM is an extension of the partial Mantel test but provides certain advantages over the Mantel approach since the environmental variables can each be separated into individual distances matrices. Thus, inferences can be made about the relative contribution of each variable. Compositional similarity was used as a response matrix, while the geographic distance matrix and environment distance matrices (computed using Euclidean distances for all the environmental variables together) were used as explanatory matrices. This method is conceptually similar to the conventional multiple regression approach, except that the significance tests are performed by permutations.
Following Legendre et al. (2005) , we partitioned the total variation in pair-wise similarity into four components: (i) total variation jointly explained by space and environment (a + b + c); (ii) pure environmental (a); (iii) spatially structured environmental (b); and (iv) pure spatial (c).
We then used the variation partitioning approach (Borcard et al., 1992) to partition the variation in species composition into the components explained by space and environment together, as well as components explained by each of these independently (Objective i, b).
We calculated principal coordinates of neighbour matrices (PCNMs, also known as distance-based Moran's eigenvector maps; Borcard & Legendre, 2002) for the 156 plots spread across the Western Ghats as descriptors of spatial relationships among plots. PCNMs represent the spatial relationship among the sampling units in a way that accounts for all spatial scales intrinsic to a sampling design and are therefore ideally suited for modeling spatial dependence at multiple spatial scales (Borcard & Legendre, 2002; Borcard, Legendre, Avois-Jacquet, & Tuomisto, 2004; Dray et al., 2012) . We calculated the PCNMs using the PCNM function incorporated in the library PCNM. The truncation threshold used was the default maximum spanning distance (Euclidean distance) that ensured that all sites were connected with at least one other site, i.e. the largest nearest neighbour distance (which in our case was 1.63 in Euclidean space, corresponding to 180 km in geographic space). As suggested by Borcard, Gillet, and Legendre (2011) , only those PCNM variables with positive eigenvalues were selected for the analysis.
In addition to PCNM variables, we also included the linear trend (X-Y coordinates) as an additional spatial descriptor (Borcard et al., 2011) . We tested the significance of the linear trend and incorporated it explicitly in the variation partitioning analysis by including significant linear variables. We used the forward selection procedure (Blanchet, Legendre, & Borcard, 2008) to reduce the number of explanatory variables with the goal of achieving a parsimonious model. This procedure was carried out separately for PCNM and environmental variables, and only the significant variables retained from each subset were used in the final analysis. We removed singleton species from the data set and then carried out variation partitioning using RDA by Hellingertransforming the species abundance data, which are used to express the total abundances per plot in the form of relative abundances.
Hellinger transformation also reduces the effect of the highest abundance values by using the square root of the relative abundances. We repeated the analysis, this time excluding the spatial variables, to partition the variation in community composition among climatic, topographic and edaphic variables to assess their relative contributions.
The amount of variation explained by these variables together, as well as their unique contribution was estimated using adjusted R 2 (Borcard et al., 2011) . We conducted the MRM and variation partitioning analysis on the entire data set of 156 plots and then repeated the analysis on the subset of 129 plots for which we had also measured edaphic variables (C and N). The results obtained for these two data sets were consistent, hence only the results from the subset are reported here.
We used a Mantel correlogram (Chain-Guadarrama, Finegan, Vilchez, & Casanoves, 2012; Legendre & Fortin, 1989) to examine if the relationship between geographic distance and species compositional similarity was spatially structured and to investigate the spatial scales at which these two variables were strongly coupled (Objective ii, a). A partial Mantel correlogram was used to test for spatial structure in compositional similarity using environment as a covariate to investigate if this relationship was purely due to geographic distance or due to spatially structured environmental variables. The environmental distance matrix was calculated using the Euclidean distances of the values of the environmental variables at each plot. Then we divided the PCNM axes to represent relatively broad and fine spatial scales with the objective of investigating the environmental variables that were correlated at broad and fine spatial scales (Dray et al., 2012) ; see Appendix S3 for details of method).
To investigate if the relative importance of niche-and dispersalbased processes changes with latitude and from high to low diversity areas (Objective ii, b), we divided the 156 plots into northern, central and southern WG (see Figure S1 in Appendix S1). Northern WG is characterized by low topographic heterogeneity, high seasonality in temperature and rainfall and very low species richness of evergreen woody plants. Climatic seasonality decreases from north to south, while topographic heterogeneity and species richness increase. The plots were classified into these three sub-regions based on the latitudinal position of the plot aided by the three clusters obtained, based on species composition, from a cluster dendrogram built using Ward's linkage method. Details on the number of plots, elevation gradient covered, as well as minimum, maximum and mean inter-plot distance of the plots within the three studied regions are given in Table S1 in Appendix S1. Variation partitioning analysis was carried out for each of these sub-regions.
| RESULTS
| Distance decay
The compositional similarity of woody plants largely showed a linear decline with log-geographic distance, with the exception of a few distance classes ( Figure 1 , Table 1 ). Floristic similarity for some distance classes actually increased with geographic distance. The rate of decline in similarity was steepest up to a distance of 10 km, and declined gradually thereafter. Results from the Mantel test (Table 1 ) also confirm a strong statistical relationship between pair-wise compositional dissimilarity and log-transformed geographic distance (R = .57, p < .001)
as well as untransformed geographic distance (R = .44, p < .001).
| Variation partitioning using MRM
Environmental variables with geographic distance together explained 40% of the total variation in compositional differences across different pairs of sites (Table 2) . Environmental variables explained a larger proportion of variation (36%) than geographic distance (20%). The unique variation explained by environmental variables (i.e. after controlling for spatially structured environment) was 20%, while the unique variation explained by geographic distance was merely 4%. Thus a large fraction of variation (16%) was attributed to spatially structured environmental variables.
| Variation partitioning using RDA
The forward selection procedure retained 24 of the 26 environmental variables. Spatial descriptors included 11 PCNM variables retained after forward selection and the linear (X and Y) variables, along with environmental descriptors, together explained 44% of the total variation in community composition of woody plants in the WG (Figure 2a ). Environmental descriptors explained 32% of the total variation, while spatial descriptors (PCNM and linear) explained 23% of the total variation in community composition. After accounting for the variation explained by environmental F I G U R E 1 Distance decay in floristic similarity geographic distance. Floristic similarity between all sample pairs was calculated and plotted against geographic distance (log) separating them. Solid dots represent average floristic similarity for each distance class (5 km) and the grey error bars represent 1 SD from the mean similarity variables, spatial variables explained only 11% of the residual variation.
Intotal, 12% of the total variation was explained by spatially structured environmental variables. Variation partitioning among only the environmental variables revealed that the majority of the variation in community composition was explained by climatic variables, while topographic and edaphic variables independently explained very little (Figure 2b ).
| Effect of spatial scale
The Mantel correlogram revealed that the relationship between compositional similarity and geographic distance was spatially structured (Figure 3a ). This correlation between geographic distance and compositional similarity, however, was found to be much lower (R = .22, p < .001) once the effect of the environment was controlled for (Figure 3b ). After controlling for the effect of differences in environment, the correlation between pair-wise similarity and inter-plot geographic distance was found to be significant only at distances <75 km.
Dividing the PCNM variables into broad and fine spatial scale revealed that spatially structured variation in species composition at broad spatial scales was mostly related to climatic variables that represent temperature and precipitation seasonality (see Table S2 in Appendix S3). Fine-scale structure in species composition, on the The relative contribution of environmental and spatial variables did not change when variation partitioning was carried on the three subsets of plots (North, Central and South WG) with relatively similar environments. Contrary to our expectation, the percentage of variation explained by the environment went up, while the unique contribution of spatial variables was much lower than when the analysis was carried out on the entire data set (see Figure S2 in Appendix S2).
| Effect of latitude
The results obtained from partitioning the variation in species composition within the three sub-regions of the WG did not show any evidence for differences in relative importance of spatial and environmental variables between high and low diversity regions. Again, environment consistently explained a much larger proportion of variation than spatial descriptors, while the unique contribution of spatial descriptors was very low across the three sub-regions of the WG (Figure 4 ).
| DISCUSSION
Over the past decade, a large number of studies have examined drivers of change in community composition. However, their findings have been inconsistent with respect to the relative roles of underlying processes. A significant part of the problem, as has been pointed out in other studies, stems from the context dependency of the results and inconsistencies in methodologies resulting from differences in the scale of sampling and the extent of study area, geographic and latitudinal location, the type of environmental variables considered and also the analytical technique employed (Bohlman et al., 2008; Chain-Guadarrama et al., 2012; Smith & Lundholm, 2010) . We therefore discuss our findings by comparing our results with other studies carried out at comparable scales, as well as those that considered similar environmental variables.
| Distance is important at local scales
Neutral theory predicts that at the landscape scale (i.e. biogeographic scale), similarity should decline linearly with log-geographic (Condit et al., 2002; Hubbell, 2001) . Decline in compositional similarity with geographic distance observed in our study at the scale of the WG landscape is roughly consistent with this expectation of neutral theory (Figure 1 ). However, multiple distance classes deviate considerably from the overall pattern of linear decline, where observed species similarity was much higher than that expected at those distances. These deviations indicate that environmental variables also play an important role in structuring species composition across the WG. Results from Mantel and partial Mantel tests provide additional support for our finding that the decline in similarity was largely a result of underlying environment and not solely due to neutral or spatial processes such as dispersal limitation. Controlling for the environment resulted in a weaker relationship between geographic distance and compositional similarity (Table 1) , which was also scale-dependent. After accounting for the effect of environment, a significant relationship between species similarity and geographic distance was observed only up to distances of 75 km (Figure 2 ). This suggests that compositional similarity between two sites becomes spatially independent beyond this distance and that dispersal limitation might be acting only within this spatial scale for the woody plants of the WG, while environment plays a bigger role at larger spatial scales. In fact, at certain distance classes, increase in geographic distance resulted in increase in floristic similarity (Figure 1 ). Such scale-dependent shifts in the relative importance of dispersal-based and niche-based processes has also been shown for plants in western Amazonia (Tuomisto et al., 2003) , where geographic distance influenced floristic similarity at distances <80 km while at larger distances, floristic similarity was related to the environment.
| Environment drives compositional change at larger scales
One of the few consistent findings that has emerged from previous large-scale (10 2 -10 4 km 2 ) studies is that environmental factors play a more important role than spatial factors in structuring floristic composition at regional scales (Sesnie, Finegan, Gessler, & Ramos, 2009; Toledo et al., 2011; Tuomisto et al., 2003) . et al., 2011) . Contrary to these findings, a study examining variation in floristic composition across a precipitation seasonality gradient in a Panama canal watershed found that spatial variables alone explained most of the species variation, while the contribution of the environmental variables was smaller (Chust et al., 2006) .
The spatial variables in our study explained only 11% at the scale of WG and 3%-7% at the scale of the three sub-regions. Moreover, this fraction of variation attributed to spatial variables may not be solely reflective of dispersal limitation or neutral processes but could also result from unmeasured environmental variables, such as edaphic factors that are spatially structured (Borcard & Legendre, 1994; Jones et al., 2008) or other factors such as land-use history or disturbance.
We tested this explicitly by restricting our analysis to groups of plots that were climatically homogenous but spatially distant (see Appendix S2). Had the effect of spatial variables been important, the fraction of variation in species composition attributed to spatial variables among these plots should have increased. Contrary to this expectation, we found that reducing the environmental variability by aggregating climatically similar plots at varying geographic distances further reduced the pure spatial fraction (0%-6%; see Figure S2 in Appendix S2).
The percentage of variation in species composition explained by the environment was even higher than that of space at intermediate scales, i.e. at the scale of three sub-regions of the WG. The three sub-regions exhibit varying degrees of topographic heterogeneity. Smith & Lundholm, 2010) . Such differences in the degree of environmental heterogeneity could also be partly responsible for contrasting findings reported at local scales, where certain studies suggest that spatial processes are the primary drivers of compositional variation (Duque, Sánchez, Cavelier, & Duivenvoorden, 2002) , while others suggest that both spatial-and niche-based processes play an equal role (Guèze et al., 2013; López-Martínez, Hernández-Stefanoni, Dupuy, & Meave, 2013; Tuomisto et al., 2003) . For instance, studies that report strong dispersal limitation at local scales were mostly carried out in Amazonia, where topography and climate vary little over local scales (Bohlman et al., 2008; Condit et al., 2002; Tuomisto et al., 2003) . From our results and other studies, it would therefore appear that nichebased processes (environmental factors) are more likely to play a role at local scales when there is greater topographic and, therefore, environmental heterogeneity.
The results from our study point towards a combined role of geographic distance and environment in influencing variation in species composition at local scales. We draw this conclusion based on multiple lines of evidence. First, a steep decline in floristic similarity up to distances <10 km suggests high spatial aggregation of conspecific individuals, which is often a result of localized seed dispersal and hence indicative of dispersal limitation (Condit et al., 2002) . However, other processes such as selective colonization of old light gaps by a certain set of species or high variation in adult reproductive output could also generate this pattern. Second, Mantel's correlation coefficient for the relationship between floristic similarity and geographic distance was lower after accounting for environmental variables, suggesting a combined role of both environment and spatial processes.
Third, being a mountain chain, elevations in the WG can vary drastically over small distances, along with associated climatic variables such as mean annual temperature. Sub-division of PCNM variables also showed that it was indeed variables such as elevation and mean temperature, along with slope and N that were related to fine-scale spatial structure.
To explore the role of dispersal ability and its potential contribution towards dispersal limitation in producing the sharp decline in floristic similarity observed over short distances, we investigated the dispersal modes of species recorded in our study (see Table S3 in Appendix S4). We found that 75% of species were animal-dispersed (zoochory), while the rest were dispersed abiotically (mechanically, wind or gravity). Studies from both tropical and temperate systems suggest that the dispersal ability of biotically dispersed plant species is greater than abiotically dispersed species. This suggests that the majority of the woody plants can be expected to show relatively higher dispersal ability/distance (Seidler & Plotkin, 2006; Vittoz & Engler, 2007) compared to the small fraction of abiotically dispersed species. That said, the effect of dispersal ability in influencing local distribution is poorly understood. Moreover, dispersal ability is only one of many factors -including plant height or stature, diaspore size, terminal velocity and reproductive output -that contribute to dispersal limitation of plant species within a community (Tamme et al., 2013) . Broadly speaking, species that are animal-dispersed have been found to be more uniformly distributed at local scales compared to abiotically dispersed species, which exhibit spatially clumped distributions (Seidler & Plotkin, 2006) . A sharp decline in floristic similarity at small spatial scales reflects clumped distributions of species; we find no evidence for dispersal ability contributing to this pattern, although the effect of other factors listed above cannot be ruled out.
A large percentage of the variation in species composition could not be explained by either spatial or environmental variables. Such large fractions of unexplained variation are consistent with the range of values reported in other studies (Blundo, Malizia, Blake, & Brown, 2011; Chain-Guadarrama et al., 2012; Chust et al., 2006; Guèze et al., 2013; López-Martínez et al., 2013; Phillips et al., 2003) . A part of the unexplained variation in our study could be the result of environmental variables, such as soil cations, pH and soil texture, which were not measured in our study. That said, soil properties are known to play a crucial role mostly at local scales (<50 km; Poulsen, Tuomisto, & Balslev, 2006; John et al., 2007) while in most other large-scale studies, the effect of soil properties was found to be insignificant, suggesting that climatic factors override the influence of soil over large spatial scales (Toledo et al., 2011) . The unexplained variation is also commonly attributed to random or stochastic processes operating independently at different sites. This is likely to be the most plausible explanation in our study, given the large number of sites spread across a large geographic area. Moreover, these sampling sites exhibit significant variation in species richness across the WG, which are not accounted for by the analytical procedures used in this study, and could have contributed to the unexplained variation in species composition (De Cáceres et al., 2012) .
| Latitude and drivers of compositional variation
Studies comparing drivers of variation in species composition between tropical and temperate biomes suggest that the importance of spatial predictors changes with latitude (Myers et al., 2013; Tang et al., 2012) and that tropical species-rich communities are mostly dispersal-limited (De Cáceres et al., 2012; Myers et al., 2013) . Although the contribution of spatial predictors in our study shows a slightly increasing trend from southern to northern WG, it is largely an artifact of spatially structured environmental variables, i.e. it is because the strength of association between geographic distance and differences in environment increases from southern to northern WG. In fact, the unique contribution of spatial factors shows a slight increasing trend from north to south, hinting that the role of dispersal limitation might be more crucial in more diverse assemblages.
The percentage of variation in species composition of woody plants explained by environmental variables did not vary systematically across the three latitudinal sub-regions of the WG. Thus, we did not find any conclusive evidence for latitude-dependent change in the relative importance of spatial and environmental processes within the WG. However, it should be noted here that the latitudinal extent of our study is relatively small compared to other studies, and falls within tropical limits. Also, the three sub-regions are part of a single biogeographic zone. Contrary to this, studies that report strong differences in mechanisms were carried out across much larger latitudinal extents (Qian & Ricklefs, 2007) or compared two evolutionary distinct biogeographic regions located in starkly different latitudinal zones (De Cáceres et al., 2012; Myers et al., 2013) . Indeed, the fact that our study addresses a large taxonomic group (>400 species) belonging to a single biotic domain (evergreen woody plants) within a biogeographic region strengthens our findings about the underlying mechanisms at these scales.
| Raw data-vs distance-based approach
The choice between the distance-based and raw data approaches and their applicability in testing predictions of neutral theory is a subject of on-going debate (Dray et al., 2012; Legendre et al., 2005; Tuomisto & Ruokolainen, 2006) . Although our study does not explicitly test the predictions of the neutral theory, we use the two approaches to address two different but connected questions. Another reason for employing both analytical procedures was to compare our findings with previous studies, which, in most cases, have used one approach or the other to address similar questions. Our conclusions about the relative role of niche-and dispersal-based processes at the scale of the WG were consistent for the two variation partitioning approaches. Environmental factors emerged as the most important predictors of both variation in species composition across sites as well as variation in compositional similarity across pairs of sites.
Previous studies have shown that the distance-based approach is more sensitive to detecting environmental effects, while RDA is better at detecting spatial processes when communities are primarily governed by neutral mechanisms (Legendre, Borcard, & Peres-Neto, 2008; Smith & Lundholm, 2010) . In this study, the fractions attributed to unique environmental effects and to spatially structured environment, recovered from the raw data and the distance based approach, were comparable. However, as observed by Legendre et al. (2008) , the RDA analysis in our study resulted in a relatively larger fraction being attributed to space alone (11%) compared to the distance-based analysis (4%). the WG and its relatively small latitudinal extent, we did not find any evidence for differences in the relative importance of dispersal or niche mechanisms along the latitude-associated seasonality and diversity gradient. Finally, while we acknowledge that the two variation partitioning approaches partition different kind of variation, our results suggest that the relative contribution of the processes that influence variation in species composition, as well as variation in β-diversity was consistent for the WG tree communities.
| CONCLUSION
